METHOD AND DEVICE FOR POSITIONING COMPONENTS TO BE JOINED 
TOGETHER 



FIELD OF THE INVENTION 

The invention relates to a method and to a device for posi- 
tioning components which are to be joined together, such as 
body components for the manufacture of a body shell in the 
automotive industry, 

BACKGROUND OF THE INVENTION 

Such methods and devices are known and are regularly used 
in the automotive industry during the welding together of 
the body from various partial components. Thus, the manu- 
facture of a body shell takes place roughly in the follo- 
wing way. The partial components of a vehicle, such as the 
underbody, mounted parts and the like, are prefabricated in 
plants individually set up for this purpose. This is fol- 
lowed by the joining together of the complete body within a 
manufacturing assembly position or "Geo- Station 11 . Follo- 
wing production line processes such as welding, lasing, 
bonding, riveting, etc. ensure an adequate body rigidity. 

The "Geo- Station" has devices designed for ensuring the 
geometry of the joined overall body. Initially specific 
partial components of the body are brought into the desired 
positions and then tacked within the "Geo- Station" by means 
of stationary clamping devices, such as movable/ rotary 
clamping devices or NC - controlled clamping stations (cf . 
table 1) . Then, further partial components such as under - 



Me000029.rtf 



body components are positioned within the "Geo- Station" by 
numerically controlled clamping stations. Further partial 
components, such as side parts, are supplied to the "Geo- 
Station" by individual, mobile clamping frames or pallets 
(table 1) , in which the corresponding partial components 
are held and which are suitably timed in within the working 
process. Following the fastening together of the compo- 
nents to form the overall body the grippers located on the 
clamping frames or pallets are opened and said frames or 
pallets, following the passing through of the "Geo- Station" 
are separated from the body and again supplied to the pro- 
duction sequence. 

In another variant for the positioning of the components to 
be joined together, they are arranged around a stationary 
clamping island (cf. table) having a fixed geometry and are 
held in position by the latter during tacking. 

The known methods and apparatuses for positioning compo- 
nents to be joined together have, as a result of their very 
principle, a number of disadvantages shown in summary form 
in table 1 (source: Agiplan, Automobil Industrie Spezial 
Fabrikautomation, vol. 47, April 2002). Thus, stationary 
clamping devices only have a limited model flexibility and 
are unsuitable for multi - geometries . Numerically control- 
led clamping stations suffer from disadvantages with re- 
gards to plant availability and process security. Type- 
related clamping pallets only make possible a limited ac- 
cessibility with respect to the assembly position and suf- 
fer from high operating costs. Type- related clamping is- 
lands are only suitable to a limited extent for multi - 
geometries, have high operating costs and are characterized 
by high space consumption. 
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Table 1 



The problem of the invention is to overcome the prior art 
disadvantages resulting from the principle and provide a 
new production technology route, which is in particular 
characterized by high model flexibility, space saving, good 
accessibility and an accelerated production sequence. 
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SUMMARY OF THE INVENTION 

In the case of a method of the aforementioned type # this 
problem is solved in that the components are held from a 
position within a desired arrangement of the components to 
be joined by at least one central module with a plurality 
of articulated arms (clamping device) . In the case of a 
device of the aforementioned type, the set problem is sol- 
ved in that the latter has a movable central module and a 
plurality of space -movable, articulated arms connected the- 
reto and which in each case have at least one holding ele- 
ment for holding the components. 

The term central module implies that it is a module which 
for holding the components to be joined is positioned cen- 
trally within the component joining arrangement held by 
said central module and consequently the components to be 
joined surround said central module. 

In this way # as a result of the use of the method or device 
according to the invention a high model flexibility, e.g. 
for adapting to demand variations or for the integration of 
niche models can be achieved. Through the omission of ty- 
pe-specific clamping means, devices or large- volume, nume- 
rically controlled clamping spindles the inventive device 
gives rise to significant space saving. There is also no 
longer a need for a complicated measuring or pairing of in- 
dividual clamping frames in order to provide a true- to- size 
clamping box. The complicated search for fault or error 
sources, e.g. for clamping frames falling outside the allo- 
wed tolerance is rendered superfluous. In place of in each 
case four clamping frames per body (side parts, underbody, 
roof) preferably only a single device is required for clam- 
ping the body parts and which also, due to its arrangement 
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within the body, permits good accessibility from the outsi- 
de to the joining process points. Through the holding of 
the components from a position within the body structure, 
there is also no need for additional coverings to protect 
prepainted metal sheets. 

It is also possible for a plurality of arms to in each case 
have at least one tool for the connection of the joined 
components. In this way the invention creates a device, 
which in integral form is suitable both for assembling and 
connecting components, e.g. by welding, clinching, bonding 
or the like and consequently renders at least partly unne- 
cessary the subsequent use of further handling equipment. 
Preferably the tacking together then takes place through 
the actual clamping device using suitable tools. This sa- 
ves time, space and costs. Suitable tools can be any such 
tools used in body shell construction such as those used 
for spot welding (tongs) , fusion welding, laser welding, 
friction welding, stud welding, riveting, clinching and 
bonding . 

According to a further development of the method according 
to the invention, the clamping device waits in a first rest 
position with folded in arms and/or arms applied to the 
central module at a predetermined inoperative position and 
then the components to be joined are at least roughly joi- 
ned together using further suitable handling devices such 
as industrial robots, the clamping device being located in 
an area within the components to be assembled and that then 
by suitable positioning of the arms in space the components 
are clamped. The clamping device is placed, according to 
the invention, directly on a base part of the component 
structure and for this purpose has studs, pins or other 
suitably constructed supporting devices. Alternatively or 
additionally for relieving the base, e.g. the body base, it 
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is possible for the clamping device to be supported on a 
conveyor element carrying the components, such as a frame 
element. In the latter case the inventive clamping device 
preferably has suitably constructed support devices in the 
form of articulated and/or telescopic arms. 

It is also possible in the method according to the inventi- 
on to carry out prior to a meeting of the components posi- 
tion measurements on the parts to be joined and if position 
deviations are detected to perform active position correc- 
tions by the clamping device. Preferably position measured 
values are buffer stored and following the detection of a 
deviation trend are used for correcting a control program 
for the clamping device and/or for messages to a quality 
assurance unit. Thus, a device according to the invention 
is preferably provided on the arms with sensors for recor- 
ding measured position values for the components and in a 
further development a storage unit for the buffer storage 
of position values, such as a volatile memory or a bulk me- 
mory. In addition to a position measurement, it is also 
possible to carry out and store force measurements and/or 
material tests, e.g. at connection points. 

According to a preferred development of the method accor- 
ding to the invention, following a subsequent tacking to- 
gether or further downstream production processes such as 
welding or the like, the clamping device automatically mo- 
ves out of the space within the components. Alternatively 
and according to a further development of the inventive me- 
thod, it is possible that after a subsequent tacking to- 
gether or further downstream production processes such as 
welding or the like, for the clamping device to be moved by 
a further handling device such as an industrial robot from 
the space within the components. Particularly within the 
framework of the first of these two alternatives it is pos- 
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sible for the inventive device to "ride along 1 ' with the bo- 
dy shell the joining together of the latter, so that in 
this way it is possible to change from timed production to 
continuous production. This makes it possible to compensa- 
te the individual process steps from one to several working 
positions and this also leads to a desirable widening of 
the previous "Geo- Station" bottleneck. 

According to further developments of the method of the in- 
vention, in accordance with a control unit the arms are po- 
sitioned synchronously in space. Alternatively or additio- 
nally the arms can be positioned asynchronously in space in 
accordance with a control unit. According to a preferred 
development of the inventive method, the movements of the 
arms take place in at least three degrees of freedom. It 
is therefore possible within continuous production to suc- 
cessively join together components and also to reliably 
clamp complex geometries. 

The articulated arms of the device according to the inven- 
tion are preferably constructed for movements with in each 
case at least three degrees of freedom. 

According to a preferred development of the device accor- 
ding to the invention, it can be brought into a space 
within a desired arrangement of the components to be assem- 
bled and following subsequent tacking together of the com- 
ponents or further downstream production processes can be 
removed therefrom again. Thus, the inventive device is 
preferably constructed in such a way that the arms can be 
folded in and/or can be applied to the central module. 
Thus, following the tacking together of the finished body 
shell, a particularly easy removal of the inventive device 
from the space within the assembled components is ensured. 
This can fundamentally take place using aids independent of 
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the device, such as by hand, by a robot, crane, slide, car- 
riage or similar means. In preferred developments it is 
constructed for independent moving into a space within the 
components to be assembled and/or is constructed for auto- 
matically moving out of the space within the components to 
be assembled. This means that the device can be automati- 
cally moved without outside assistance up to its working 
location and can then be moved out of the same again after 
assembling the parts. 

Further developments of the device according to the inven- 
tion provides for it to have a computer-based control unit. 
Within the framework of such a design, the inventive device 
is to be looked upon as a clamping robot and as a result of 
the program -control led, flexible usability of a robot has a 
corresponding high model flexibility and also a rapid model 
change is possible as a result of the fact that it is mere- 
ly necessary to carry out a program change (software chan- 
ge) , optionally associated with a software -controllable or 
manual replacement of the holding elements and/or tools in- 
stead, as hitherto, requiring a complete hardware change 
and for this purpose the inventive device preferably has 
appropriate changeover clutches. This also makes it possi- 
ble to reduce the time for developing a new model (with a 
new model geometry) up to the production sequence due to 
the given offline programmability . 

According to further developments of the device according 
to the invention, the arms have means for media supply to 
the clamping elements and/or the tools and the central mo- 
dule preferably has means for the media supply for the 
arms. In a highly preferred development of the inventive 
device, the central module has a power supply unit. The 
power supply unit can in particular have an autarchic con- 
struction, so that together with an autarchic media supply 
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of the inventive device, it is ensured that the latter can 
move independently and flexibly within the framework of the 
production process between different working positions 
which, as stated hereinbefore, leads to an extensive balan- 
cing of the process steps and consequently contributes to a 
more economic process design. 

In order to also be usable within the framework of applica- 
tions requiring high holding or retaining forces when joi- 
ning the components together, such as in the automotive in- 
dustry, according to a preferred development of the inven- 
tive device the arms are constructed for making available 
high static holding forces of up to 3000 N. As is known, 
such measures involve the use of torsion- resistant and twi- 
sting-resistant structural elements, the use of high rigi- 
dity transmissions or gears in joints and the use of addi- 
tional or correspondingly dimensioned blocking brakes. 

In order to permit particularly flexible >use within the 
framework of the method according to the invention, it is 
preferable from the control standpoint for each arm to have 
its own control or tool - relevant point (TCP) . The TCP con- 
stitutes the actual action point at the end of a robot arm 
or the tool fitted thereto. This point, which can be loca- 
ted both inside and outside mechanical parts (e.g. with 
opened welding tongs the virtual point of electrode con- 
tact, with laser tools the focus or with inert gas welding 
torches the arc location) is programmed into the control, 
managed and reproduced on starting a program. All other 
points of the robot arm or the complete structure are not 
known to the control. Thus, from the control standpoint, 
the device according to the invention behaves like a multi- 
arm, multiaxis robot and in this way opens new production 
procedure routes, particularly for the assembly of bodies 
in the automotive industry. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Further advantages and characteristics of the invention can 
be gathered from the following description of embodiments 
and the attached drawings, wherein show: 



Figs, la to Id Diagrammatic representations of a 

first construction of the inventive 
device for the positioning of car 
body parts. 



Figs. 2a and 2b Two diagrammatic representations of a 

car body and a clamping robot with 
folded in and applied arms for 
introduction in or removal from the 
body. 



Figs. 3a and 3b Diagrammatic representations of a 

second embodiment of the inventive 
clamping device with articulated/ 
telescopic arms. 



Figs. 4a and 4b Diagrammatic representations of a 

further embodiment of the inventive 
device supported on a conveyor element 
within the body. 



Fig. 5 A diagrammatic sectional representation 

of an inventive clamping robot in 
articulated arm technology for 
(temporarily) autarchic operation 
intimating an only temporarily 
connected power supply. 
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A sectional representation of an 
inventive clamping robot in 
articulated/telescopic arm technology 
for (temporarily) autarchic operation. 

A diagrammatic representation of an 
articulated/telescopic arm for an 
inventive clamping robot. 

A diagrammatic representation of a 
tripod arm for an inventive clamping 
robot. 

A diagrammatic representation of an 
articulated arm for an inventive 
clamping robot . 

A bottom view of an inventive clamping 
robot in articulated arm technology 
with support devices for direct placing 
on a body base. 

A flow chart of an assembly process 
using the device according to the 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Figs, la to Id diagrammatically show a device 1 according 
to the invention for the positioning of components such as 
side parts 2.1, base parts 2.2 and the roof 2.3 for a car 
body 2 and on the basis of two different examples (two ve- 
hicle types of different sizes) . 

The inventive device 1 has a central module 1.1 and, con- 
nected thereto, a plurality of arms 1.2, which are movable 



Fig. 6 



Fig. 7 



Fig. 8 



Fig. 9 



Fig. 10 
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in space and in the form of articulated arms, which at 
their distal end have in each case a holding element 1.3 
for clamping the components 2.1, 2.2, 2.3. The device 1 is 
supported by means of lower articulated arms 1.2 1 directly 
on the base 2.2 of the body shell 2. In the embodiment of 
figs, la to Id, the central module 1.1 also has a transmit- 
ting/receiving unit 1.4 for transmitting and receiving mea- 
surement and control signals or electromagnetic power. It 
also has sensors 1.5, such as ultrasonic or other sensors, 
for determining measured position values for the components 

2.1, 2.2, 2.3 to be joined or assembled. 

The arms 1.2, 1.2 1 of the inventive devices 1 shown in 
figs, la to Id have in each case a plurality of connecting 
rods 1.6, which are articulated to one another and to the 
central module 1.1 by joints 1.7. The arms 1.2, 1.2' are 
in each case movable in space with at least three and up to 
six degrees of freedom, so that the device 1 according to 
the invention can be looked upon as a multiarm, mobile 
clamping robot. Thus, based on an internal or external, 
computer-based control unit (1.8; figs. 5/6), it is possi- 
ble with the same device 1 to assemble or clamp widely dif- 
fering body geometries and it is only necessary for a mini- 
mum hardware adaptation, as can be gathered by comparing 
figs, la, b on the one hand and figs, lc, d on the other. 

Following the tacking together of the body components 2.1, 

2.2, 2.3 by a not shown tool located on the arms 1.2 and/or 
by external tools, the inventive device 1 can easily be re- 
moved from the interior of the body 2 by folding in or ap- 
plying arms 1.2 according to figs. 2a, 2b, e.g. through a 
further, not shown handling device such as an industrial 
robot. However, it is also possible to construct the in- 
ventive device 1 in such a way that (after folding in or 
applying the arms 1.2) it can be independently removed from 
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the body 1.2. The initial positioning of the body compo- 
nents 2.1, 2.2, 2.3 takes place either completely from the 
outside using suitable handling devices such as industrial 
robots, the inventive device preferably being brought inde- 
pendently or by a further handling device into the resul- 
ting inner space of the body 2 or the inventive device can 
be in a waiting position, so that the body 2 is quasi 
"built round 11 said device 1. It is possible to supply the 
body components 2.1, 2.2, 2.3 through external handling de- 
vices solely up to a "preliminary position" where they are 
actively taken over and finally positioned by the device 
according to the invention. 

In the embodiment of figs, la to Id, the device 1 is initi- 
ally placed on the body base 2.2 and, as stated, following 
the tacking together of the body 2 with applied arms 1.2 is 
removed again from the outside, e.g. through the opening 
for the windscreen, or passes out of the finished body 
shell 2 by self -movement . The following alternative or 
combined possibilities exist for the support or fixing of 
the clamping robot 1 in the body shell 2: 

It is possible to provide on the base of the clamping robot 
1 pins, studs or gripping devices 1.16 (fig. 10) for con- 
nection to the body base 2.2. According to figs. 1 to 3 
connection to the body base can also take place using arti- 
culated arms 1.2'. In the embodiment of figs. 4a and 4b, 
the clamping robot 1 according to the invention is suppor- 
ted by means of specifically constructed lower articula- 
ted/telescopic arms 1.2 ■ on a conveyor carrying the body 2, 
such as a frame element 5 or some other part of a not shown 
conveyor. This relieves the body base, so that there is no 
need for underfilling or additional supporting thereof. 
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According to the invention, the gripping and holding of the 
components 2.1, 2.2, 2.3 through at least one inventive 
clamping device 1 (clamping robot) takes place from the in- 
side, i.e. from a position within a desired arrangement of 
the components to be joined, which ensures optimum accessi- 
bility from the outside, which is associated with minimum 
space requirement resulting from the components 2.1, 2.2, 
2.3 to be joined and no additional protective measures are 
needed for prepainted components. Particularly in the case 
of large bodies and the need for numerous clamping points, 
it is possible to use several clamping robots according to 
the invention. 

The clamping robot 1 according to the invention can, in ad- 
dition to the holding and fixing of supplied parts, also 
actively position the same, optionally under the control of 
sensors 1.5. Thus, the process is possible with sequenti- 
al, partial assembly processes and intermediate or subse- 
quent measuring processes. Thus, e.g. following the set- 
ting of the first connection points critical positions can 
be measured again and, if necessary, position corrections 
can be brought about by means of the clamping robot. The 
measurements can be performed by internal sensor means 1.5 
(on the clamping robot body or on the arms) or external 
sensor means (independently of the clamping robot, outside 
the body; not shown) . This corresponds to an early, pro- 
cess-near quality control. 

Figs. 3a and 3b show the inventive clamping robot 1 in a 
design with articulated/telescopic arms 1.2, 1.2', which 
have at their ends not shown tools or holding elements 1.3 
for clamping or assembling body parts 2.1, 2.2, 2.3. As in 
the embodiments of the preceding drawings, the clamping ro- 
bot 1 is supported directly by means of lower arms 1.2' on 
the body base 2.2. Unlike in the embodiments of figs, la-d 
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and 2a, b, the power supply and data transmission takes pla- 
ce by means of a cable arrangement 3, which can be connec- 
ted by a connecting element 4 in a separable or permanent 
manner to the central unit LI of the clamping robot 1. 

Figs, la to 4b relate to the use of an inventive device 1 
for positioning components 2.1, 2.2, 2.3 of a car body 2. 
During continuous production, such as is possible through 
the use of the method or device according to the invention, 
there is no need for all the body components to be assem- 
bled to be in the working position at a specific, common 
time, which resulted in conventional automotive industry 
body manufacture to the occurrence of a bottleneck at the 
"Geo- Station" . According to the invention it is also pos- 
sible to tack together the body 2 with the exception of a 
few components 2.3, e.g. the roof and then to remove the 
inventive device through a remaining opening, e.g. through 
the roof and then to complete the assembly of the body 
shell 2 in a final operating step. 

This novel procedure in positioning components to be assem- 
bled, such as car body components, avoids the disadvantages 
resulting from the very principle of existing manufacturing 
concepts. This applies to a particular degree to the avoi- 
dance of the bottleneck resulting from the transition to 
continuous production and which resulted from the stoppage 
necessary in previous manufacturing procedures . 

The following variants are possible individually or in com- 
bination with regards to the control intelligence installed 
in the inventive clamping robot 1 and the nature of the po- 
wer supply and data transmission. 

The clamping robot can be equipped without its own or with 
a minimum installed intelligence, i.e. it only contains the 
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operating means (joint drives, gripper drives, optionally 
tool drives) and the associated power electronics. The 
entire control intelligence is located outside the clamping 
robot. This requires either a permanent data connection to 
the control or at least a temporary data connection during 
the actual clamping phase. The former is necessary if du- 
ring the assembly process active measurement and reaction 
are required. As from this time and without active proces- 
ses, the data connection can be ended. A separation of the 
power supply is possible through incorporated electric po- 
wer storage devices and optionally accumulators for the 
pressure medium (in the case of pneumatic or hydraulic ope- 
rating means) . In this case the operating means maintain 
the positions previously moved up to by the control. 

Corresponding embodiments of the device according to the 
invention are shown in figs. 5 and 6. According to figs. 5 
and 6, the clamping robot 1 according to the invention is 
preferably equipped with an independent control. In this 
case the control functions are largely or entirely imple- 
mented in the clamping robot 1. Fig. 5 is a section 
through the central unit 1.1 of an embodiment of the inven- 
tive clamping robot 1, which is only temporarily connected 
to an external power supply 3, 4 (cf . figs. 3b and 4b) . 

The central module 1.1 of the clamping robot 1 is provided 
for this purpose with a control unit 1.8, e.g. a PC control 
unit with a memory unit 1.8', such as a volatile or bulk 
memory, an electric power storage device 1.9, e.g. in the 
form of a battery, devices for media supply to the arms 
1.2, 1.2' of existing pneumatic or hydraulic operating 
means (not shown) , e.g. with compressed air or cooling wa- 
ter in the form of a pressure accumulator 1.10 and supply 
hoses 1.10' connected thereto, as well as a valve control 
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1.11 for the pneumatic or hydraulic system of the device 
connected to the control unit 1.8. 

The electric power storage device 1.9 is at least tempora- 
rily connectable to an external electric power supply by 
means of the connection unit 4 shown in figs. 3b and 4b. 
The power stored in the power storage device 1.9 is then 
available for an at least temporary autarchic supply of the 
controls 1.8, 1.11 for the articulated movement and ad- 
justment of the arms 1.2 and therefore for the clamping of 
the inventive device within a body shell 2. The sensors 
1.5 connected by cables 1.12 to the control unit 1.8, fol- 
lowing suitable processing of the position signals supplied 
by them by the control unit 1.8, permit an active positio- 
ning through the inventive clamping robot 1, e.g. the per- 
formance of position corrections. The PC -based control 
unit 1.8 has offline programmability, which leads to a re- 
duction of the time necessary for development up to the 
start of production. According to the invention, from the 
software standpoint the control unit 1.8 can be set up for 
the detection of a deviation trend, so that on the basis of 
the position signals a correction of the control program 
taking place in the control unit is possible. Additionally 
or alternatively it is also possible to transmit messages 
to a not shown, preferably externally positioned unit for 
quality assurance, such as an optical or acoustic warning 
device or a software log. 

According to the embodiment shown in fig. 6, the inventive 
clamping robot 1 has, in addition to the embodiment of fig. 
5, a transmitting/receiving unit 1.4 in the form of an an- 
tenna permitting the reception of electromagnetic power 
from an externally located power source. Thus, the clam- 
ping robot 1 according to the invention is able to supply 
power without the cable arrangement 3 shown in figs. 3b, 4b 
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and 5, which additionally extends the range of use of the 
device. In its construction with an autarchic power supply 
unit 1.9 (fig. 6) , the inventive device does not have a fi- 
xed working position and can be used virtually in a random 
position during the spatial process sequence, so that there 
is a possibility of continuous production with a simultane- 
ous balancing of the process steps, i.e. all the parts are 
at all times in a linear movement with a speed higher than 
zero. With such designs a data connection to the outside 
is only temporarily necessary in order to receive data for 
the next body to be processed from an external master com- 
puter and to transfer to the same any test data obtained. 
It is possible to temporarily disconnect the power supply 
if the installed power storage device has an adequate capa- 
city. 

Thus, in principle, the clamping robot 1 according to the 
invention can be supplied with power in the following way: 

According to fig. 5 the clamping robot 1 has a cable an op- 
tionally also a hose connection 3 to the outside for the 
supply of electric power and a pressure medium (cf . fig. 
4b). The connecting cable arrangement 3 must be suffi- 
ciently long to cover the "ride-along" -distance of the 
clamping robot 1 in the body shell 2. There are also limi- 
tations with regards to the clamping robot movement. Al- 
ternatively a temporary cable and optionally hose connecti- 
on to the outside is possible and the connection only 
exists during waiting for the next body or during the in- 
itial clamping phase with a high power requirement and can 
at any time be interrupted by the removal of the connection 
element 4. As a result of the limited connection time the 
joint travel distance and therefore cable length are redu- 
ced. Subsequently the clamping robot 1 is freely movable. 
During the separate connection or in the case of a clamping 
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robot which, according to fig. 6, has no hose or cable con- 
nection, in said robot 1 the necessary power must be provi- 
ded by installed electric power storage devices (batteries, 
accumulators, fuel cells, etc.; 1.9, fig. 6) and an accumu- 
lator 1.10 for optionally necessary pressure medium (gas, 
hydraulic fluid) . If , at the end of the clamping cycle, 
the clamping robot 1 is released from the body 2, the con- 
nection can be restored and the power storage devices 1.9 
can be regenerated for the next cycle or cycles. In the 
embodiment of fig. 6 the clamping robot 1 receives its po- 
wer in the form of electromagnetic radiation, which it re- 
ceives with the aid of the transmitting/receiving unit 1.4. 

The following alternative designs are possible for data 
transmission from the clamping robot 1 to optionally pre- 
sent, external control devices: 

In the case of a permanent cable connection (figs. 3b, 4b, 
5) a wired data transmission is possible, whilst for tempo- 
rarily disconnected cable connections it is possible to use 
wireless transmission mechanisms, such as inductive, infra- 
red or radiotransmission mechanisms (fig. 6) . 

If there is no data exchange during the separated phase, 
there is no need for the indicated data transmission means. 

Fig. 7 is a larger scale, diagrammatic representation of an 
articulated, telescopic arm 1.2, as used in an inventive 
device 1 according to figs. 3a, b, 4a, b and 6. Such an ar- 
ticulated/telescopic arm 1.2 has a plurality of motor- gear 
arrangements, e.g. of a pneumatic or hydraulic nature, with 
in each case a motor 1.13 and a gear 1.13 f , which as a 
function of the construction and arrangement within the arm 
1.2 are constructed for performing rotary D, linear L or 
pivoting S movements. According to the invention, at the 
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distal end 1.14 of arm 1.2 is provided a holding element 
1.3 in the form of a gripper, coupling, magnet or the like. 
Alternatively at this point the arm 1.2 can have a not 
shown tool for stud welding, adhesive application, clin- 
ching, etc. By its other end the arm 1.2 is fixed to the 
central module 1.1 of the device in an articulated manner. 

Preferably, into the arm 1.2 is additionally integrated a 
suitable sensor system comprising force or moment sensors 
or the like. The articulated/telescopic arm 1.2 according 
to fig. 7 is constructed for movements with a total of five 
degrees of freedom. 

Fig. 8 shows an alternative design of an arm 1.2 of the in- 
ventive device 1. The arm 1.2 according to fig. 8 is con- 
structed as a tripod arm, in which the positioning of a 
tool centre point (TCP) associated with the tool or holding 
element 1.3 located at the distal end 1.14 of the arm 1.2 
takes place by a differing length change L of three linear 
elements (telescopic elements) 1.15. 

Fig. 9 shows a corresponding view of an articulated arm 
1.2, as used in developments of the inventive device 1 ac- 
cording to figs, la-d and 2a, b and 5. 

Fig. 10 is a perspective view of an inventive clamping ro- 
bot 1, where specific gripping devices 1.16 are located on 
the underside 1.17 of the central module 1.1. With the aid 
of the gripping devices 1.16, which can be constructed in 
the same way as the holding elements 1.3 in the form of 
couplings or magnets and which optionally have additional 
pins or studs (not shown) , the inventive clamping robot 1 
can be connected to the base 2.2 of the body shell 2 and 
supported and fixed independently of the clamping arms 1.2. 
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With the aid of a flow chart, fig. 11 shows the actions ta- 
king place during an operating cycle, i.e. on assembling a 
body shell 2 using the clamping robot according to the in- 
vention. As a result of the spider- like appearance, the 
clamping robot 1 according to the invention shown in fig. 
11 is known as a spider. 

In step SI a base group of the vehicle body to be assembled 
is placed on a conveyor system, e.g. by means of the frame 
element 5 shown in figs. 4a, 4b. In step S2 the spider 1 
is anchored on the base group 2.2 of the body 2, e.g. by 
the gripping devices 1.16 shown in fig. 10. In the follo- 
wing step S3 further components 2.1, 2.3 are supplied and 
are taken over in step S4 . The taking over in step S4 
either takes place actively through the inventive clamping 
device 1 (step S4.1) or "passively" by an additional hand- 
ling device, such as an industrial robot (step S4.2). In 
the following step S5 the components 2.1, 2.2, 2.3 are po- 
sitioned (step S5) and then in step S6 there is preferably 
a position determination through the sensor system 1.5 or 
the further sensors contained in the arms 1.2 of the device 
1. 

As soon as the components to be joined together are cor- 
rectly positioned, in step S7 the components are connected 
either (step S7.1) by the clamping device 1 according to 
the invention, provided that the latter carries suitable 
tools on its arms 1.2, or using external systems, such as 
industrial robots (step S7.2). Following connection, in 
step S8 a position and quality check (e.g. using sensor sy- 
stem 1.5) takes place. 

Following the decoupling of the inventive clamping device 1 
and the assembled body shell 2 in step S9 , the inventive 
clamping device 1 is removed either automatically from the 
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body 2 (step S9.1) or is removed therefrom by an external 
handling device (step S9.2). Then, in step S10, the clam- 
ping robot 1 is returned to its starting position, optio- 
nally associated with a regeneration of memory units and/or 
operating data, a tool change or a calibration in step Sll. 
The clamping robot 1 according to the invention then waits 
in the starting position for the next group to be handled 
(step SI) • 



